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LOCAL REGULATION OF BLOOD FLOW IN SUBCUTANEOUS TISSUE IN 
GENERALIZED SCLERODERMA 
0 . HENRIKSEN, M.D. , J. K . KRISTENSEN, M.D., AN1) S. WADSKOV, M.D. 
Departments of Nuclear Medicine and Dermatology, Rigshospitalet, Copenhagen , Denmark 
The effect of orthostatic changes in vascular transmural pressure on blood flow in 
subcutaneous tissue was studied in 10 patients with the acrosclerotic type of generalized 
scleroderma. Blood flow was measured on the back of the hand by the local 13:ixenon washout 
technique. 
The blood flow remained constant when the hand was elevated 20 em above the jugular 
notch, indicating that there is autoregulation of blood flow. When the hand was lowered 40 
em below the jugular notch, the blood flow decreased only 8%, compared to the decrease in 
blood flow by 50% observed in normals. 
Thus, intrinsic vascular reactions responsible for the autoregulatory response are present, 
whereas the normal "vasoconstrictor response" to an increase in venous transmural pressure 
is almost abolished in tissues with sclerodermic changes. The abolition of the vasoconstrictor 
response is probably due to sympathetic neuropathy associated with the sclerodermic 
changes. 
The ability of tissues or organs to keep their 
blood flow essentially constant during changes in 
the arterial perfusion pressure head is known as 
autoregulation. The mechanism responsible is un-
known. It has been explained by (1) a local my-
ogenic response of vascular smooth muscle to 
changes in vascular transmural pressure [1], (2) 
the release of vasoactive metabolites [2], or (3) 
passive changes in vessel diameter secondary to 
changes in tissue pressure or tissue compliance 
determined by the rate of transcapillary fluid ex-
change when arterial or venous pressure is altered 
[3). This latter hypothesis might be seriously ques-
tioned, as venous pressure elevation in skeletal 
muscle induces a decrease in total vascular resist-
ance [ 4] contrary to the expected increase in vascu-
lar resistance according to the "tissue pressure" 
theory of Rodbard [3). 
By elevating or lowering a limb, one can alter 
arterial and venous transmural pressures. Selec-
tive determination of blood flow in subcutaneous 
adipose tissue is possible by use of the local 
133xenon washout technique while the limb is so 
manipulated. In this way it has been found that in 
normal adipose tissue elevation of the forearm to 
20 em above or lowering to 20 em below the jugular 
notch causes no change in blood flow [5,6], indicat-
ing that autoregulation of blood flow is present in 
normal human subcutaneous adipose tissue. 
When vascular transmural pressure is elevated 
about 25 mm Hg by lowering the limb 30 em or 
more, blood flow decreases about 50% due to an 
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exaggerated vasoconstriction as this response is 
blocked by locally applied lidocaine or phentola-
mine [5-7]. This is called the "vasoconstrictor re-
sponse" to increase in vascular transmural pres-
sure. The vasoconstrictor response can be elicited 
by inducing external negative pressure as well as 
by inducing venous stasis [7]. The increase in 
vascular resistance due to the vasoconstrictor re-
sponse may be as great as 300%- [61. Both the 
autoregulatory response and the vasoconstrictor 
response are unaffected by spinal blockade [8], 
indicating that local mechanisms are responsible. 
However, 4 days or more after sympatectomy 19] 
and during local nervous blockade induced by 
phentolamine or 1 idocaine the vasoconstrictor re-
sponse is abolished, whereas the autoregulatory 
response is still present. This indicates that differ-
ent mechanisms are responsible for each response. 
As somatesthetic denervation is without effect on 
the vasoconstrictor response 110], this phenome-
non seems to be due to a local sympathetic re-
flex mechanism, whereas the autoregulatory re-
sponse is due to intrinsic vascular mechanisms 
11 ,2,11,12]. 
Vascular defects are prominent in generalized 
scleroderma and a primary role for abnormal vas-
cular reactions in the pathogenesis of this disease 
has been postulated [13). The finding of an in-
creased washout rate of '3:ixenon from involved 
skin might indicate argumented blood flow in gen-
eralized scleroderma (Kristensen and Wadskov, 
unpublished data). The purpose of the present 
study was to investigate whether mechanisms of 
local regulation of blood flow in subcutaneous tis-
sue are affected in generalized scleroderma. Some 
evidence for sympathetic nervous system hypoac-
tivity in generalized scleroderma has been pro-
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vided l14) but the question deserves further atten-
tion. 
MATERIALS AND METHODS 
Patient Population 
Ten patients with generalized scleroderma, 3 men 
and 7 women, were investigated. Ages ranged from 50 
to 75 years and the severity of skin involvement was 
slight in 3 cases, moderate in 6, and severe in 1. 
Blood 11ow in subcutaneous tissue was measured by 
the local 1a..1xenon washout technique 115). The 133xenon 
was injected intracutaneously into the back of the 
hand. About 30 min after the injections the washout of 
13."\xenon followed a monoexponential course, indicating 
that the remaining activity was located exclusively in 
subcutaneous tissue. At this time the measurements 
were started. This technique was chosen in order to 
avoid interference from injection trauma in the subcu-
taneous tissue. 
The subject was placed in a sitting postion and a 
smgle investigation consisted of 3 periods of measure-
ment of blood flow: (lJ with the hand placed at reference 
level, j ugular notch (fa-~1), (2) with the hand lowered 40 
em or elevated 20 em (~1..,.11), and finally (3) with the 
hand placed again at reference level. Each period of 
measurement lasted about 6 min. 
They emiss10n of 133xenon was detected by a Nal(Tl> 
scintillation detector and the pulses were fed into a 
gamma spectrometer <Selektronicl with a window set 
around the 81 kv photopeak of 133xenon. The activity 
was recorded each 10 sec. 
CalculatiOns and Stattsttcs 
Mean perfusion coefficient, f, (ml/100 gm · min) was 
calculated according to the Kety formula: f = K ·A ·100 
ml/100 gm · min 116), where K denotes the washout rate 
constant (min 1! and A denotes the subcutaneous tissue 
to blood partition coefficient (ml/gml. 
Using the same 1a..1xenon depot, the relative blood 
flow durmg lowermg or elevating the hand equals rela-
tive washout rates as A remains constant [9). K was 
computed from the loganthmically transformed radio-
active data corrected for background activity as a func-
tion of t1me according to the "least square" method. 
Dur1ng lowering, artenal and venous pressures in-
crease in parallel, whereas the arterial perfusion pres-
sure head decreases during elevation as the venous 
pressure remams constant due to venous collapse [5). 
RelatJve blood flow , f,.,.,.,/f.,,.,., was calcualted. f,,,.,,, 
denotes blood flow during lowermg or elevating the 
hand and 7;. •. r, denotes the average value of blood flow 
measured at reference level just before and after the 
test. From this value and estimated changes in arterial 
and venous pressures, relative total vascular resist-
ance, ~ ... "J£<. ... 1 , was calcualted since ~ •• ,.IR.rer, equals 
~r.r/£.,.,11• f. ... ,,. and f. ... ,, were compared by Student's t-
test for paired samples. A level of statistical signifi-
cance of 0.05 was chosen. 
RESULTS 
The results obtained are summarized in the Fig-
ure. The washout rate constants obtained at refer-
ence level ranged between 0.007 and 0.053 min-•. 
When the hand was elevated by 20 em, blood flow 
remained almost constant in all patients (~~~''"/~r~r, 
= 0.98, range 0.93-1.16, p > 0.8). This corre-
sponded to a decrease in total vascular resistance 
of about 13% (~1csc.l~r<fl = 0.87, range 0. 73-0.91, p 
< 0.001). When the hand was lowered 40 em, corre-
sponding to an increase in vascular transmural 
pressure of about 30 mm hg, blood flow decreased 
only about 8% (~ws.J~r ... CJ = 0.92, range 0. 78-1.06, p 
< 0.05). This corresponded to an increase in vascu-
lar resistance of 12% (R,,.,1~rerl = 1.12, range 
0.94-1.28, p < 0.05). 
In 2 of the patients in whom blood flow during 
lowering decreased about 22%, the effect of local 
sympathetic blockade induced by lidocaine (3 x 
10- 4 M) was studjed. The blockade changed the 
response to lowering in these 2 patients, as blood 
flow now remained constant. 
In 1 patient with severe sclerodermic changes on 
the back of the hand, blood flow remained constant 
(~testl~ren = 0.99) during lowering the hand 40 em. 
Similarly, blood flow remained constant (~, ... ,,Jftren 
= 0.98) when the hand was elevated 20 em. In 
order to evaluate the participation of changes in 
vasomotor activity, intrinsic myogenic activity 
was blocked by papaverine (40 mg/ml). Reference 
washout rate increased by 54 7 ± 10%. When the 
hand was lowered, blood flow increased by 18 ± 
3%, corresponding to a decrease in vascular resist-
ance of 15%. During elevation, blood flow de-
creased by 27 ± 6%, corresponding to an increase 
in vascular resistance of 13%. Furthermore, the 
reactive hyperemic response to 5 min of vascular 
occlusion was studied in this patient. Blood flow 
increased 167 ± 11% after the cuff was released. 
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F1G. Mean relative blood flow± SE <r., ... ,Jf,,..,). Mean 
relative vascular resistance :t SE (R,, • .,~11) obtained 
during elevation and lowering the area under study in 
patients with generalized scleroderma. 4m1 and R.m1 
denote the average values of the two reference mea-
surements obtained just before and after the test. Fig-
ures denote numbers of experiments. 
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DISCUSSION 
Blood flow remained almost constant during 
lowering the hand in all the patients. Average 
decrease in blood flow was 8% and the maximum 
decrese was 22% as compared to 40% observed in 
normals [5,6). Thus, the vasoconstrictor response 
to an increase in venous transmural pressure was 
considerably reduced or abolished in these pa-
tients. The loss of the vasoconstrictor response 
might be due to changes in reactivity of smooth 
muscle cells in arterioles. Histologic studies indi-
cate that the small vessels may show morphologic 
changes in sclerodermic skin. 
However, in all patients, blood flow remained 
constant during elevation corresponding to a com-
pensatory decrease in vascular resistance of 13%. 
In the patient with severe sclerodermic changes, a 
normal autoregulatory response could be demon-
strated. The fact that papaverine blocked the auto-
regulatory response in this patient indicates that 
the compensatory decrease in vascular resistance 
is due to a decrese in arteriolar vasoconstrictor 
activity. Furthermore, papaverine increased the 
133xenon washout rate by 547% and the patient 
showed a normal hyperemic response to 5 min of 
vascular occlusion [17], indicating that the vasodi-
lator ability remains intact even in patients with 
severe sclerodermic changes. Both the autoregula-
tory response and the reactive hyperemic response 
appear to be of intrinsic vascular nature [7,18). 
An important aspect of scleroderma is the in-
creased encapsulation of the vessels. There is a 
general reduction in the number of capillaries per 
unit and these vessels have a thicker basement 
membrane. There is also tethering of the dermis to 
subcutaneous tissues. The hardness and stiffness 
that is characteristic of scleroderma is directly 
reflected in increased compliance of the tissues. 
McNeal [19), studying microscopic skin compli-
ance, regards this as the most sensitive technique 
available for the diagnosis of very early sclero-
derma. When very thin histologic sections are pre-
pared from normal tissue much of the three-di-
mensional continuity is disrupted while scleroder-
matous skin continues to hold together when it is 
sectioned at 7 mJ.L. The absence of independent 
fiber motion on stretching of the dermis is proba-
bly due to a qualitative abnormality of the ground 
substance. 
The loss of the vasoconstrictor response might 
be due to a decrease in total compliance of the 
tissue opposing venous distension during lower-
ing. In normals, local counterpressure opposing 
the increase in vascular transmural pressure dur-
ing lowering blocked the vasoconstrictor response 
[7). A later study indicates that distension of the 
veins elicits the vasoconstrictor response, i.e. the 
venoarteriolar reflex [20]. 
In the patient with severe sclerodermic changes, 
blood flow remained constant during lowering. 
This could be due to increase in tissue pressure 
compressing the small vessels [3). However, pa-
paverine changed the response to lowering as 
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blood flow increased by 18%, indicating that blood 
flow in the untreated case remains constant due to 
an increase in vasoconstrictor activity just oppos-
ing the tendency of passive distension of the ves-
sels. The observation that there was no correlation 
between the clinical severity of the disease and the 
reduction and abolition of the vasoconstrictor re-
sponse is not compatible with the theory that a 
decrease in tissue compliance is the cause. The 
possibility cannot be excluded at this point. 
Decrease in sympathetic vasoconstrictor activ-
ity might be responsible for the change in response 
to lowering the hand. The response obtained in 8 of 
the patients corresponded to the response observed 
in sympathetic denervated subcutaneous tissue 
[9). In the 2 patients in whom the vasoconstrictor 
response was reduced by only 50% local nervous 
blockade blocked the response completely. With 
the dose used, lidocaine did not affect intrinsic 
myogenic activity [21). Sweating from the area 
tested by the "ninhydrin test" [221 was present in 
these 2 patients. The test was performed in only 1 
of the other patients in whom vasoconstrictor re-
sponse was completely abolished. ln this patient 
there was no sweating from the back of the hand. 
This is in agreement with the fmding of atrophy of 
sweat glands in generalized scleroderma [23] and 
compatible with the finding of a reduced sympath-
icogalvenic reflex response in these patients [ 15]. 
The present fmdings indicate that the vasocon-
strictor response to an increase in vascular trans-
mural pressure is reduced or abolished in patients 
with the acrosclerotic type of generalized sclero-
derma. This presumably is due to a partial or 
complete abolition of the vasoconstrictor activity 
in sympathetic adrenergic fibers (sympathetic 
neuropathy). 
The mechanisms responsible for the autoregula-
tory response to variations in arterial perfusion 
pressure head are still present, indicating that 
intrinsic reactivity of the blood vessels in subcuta-
neous tissue is not affected by the disease. The 
discouraging late results of sympathectomy in 
generalized scleroderma are consistent with the 
present fmdings 1.24,25). The reported benefit of 
reserpine in the treatment ofRaynaud's phenome-
non in generalized scleroderma 1.26,27 J might re-
flect a direct action on blood vessels, as reserpine 
can cause vasodilatation in sympathectomized 
limbs 1.28). 
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